The purpose of this pictorial review is to illustrate the various imaging findings of extrapulmonary tuberculosis. Manifestations of cardiac, central nervous system, head and neck, musculoskeletal, abdominal, genitourinary, and breast tuberculosis will be discussed. Extrapulmonary tuberculosis presents a difficult diagnostic challenge for the radiologist and requires a high index of suspicion, particularly in high-risk populations.
TB is most commonly limited to the chest, but manifestations can occur in any organ system, particularly in immunocompromised hosts. Recognition of the radiologic findings of extrapulmonary TB, which can often mimic other disease entities, is an important step in accurate diagnosis [3, 4] . In this pictorial review, we aim to illustrate the common imaging findings in cardiac, central nervous system, head and neck, musculoskeletal, abdominal, genitourinary, and breast TB.
Cardiac
Cardiac involvement is uncommon, with only 0.5% of extrapulmonary TB involving the heart. The most common finding is of tuberculous pericarditis, manifested by pericardial thickening >3 mm, which is often associated with mediastinal lymphadenopathy (LAN). Nonspecific findings associated with tuberculous pericarditis may include distention of the inferior vena cava >3 cm, deformity of the interventricular septum, and pleural effusions. Myocardial involvement is less common, usually asymptomatic, and most often identified at postmortem [1] .
Central Nervous System
Approximately 5% of patients with TB have central nervous system (CNS) involvement. The prevalence increases to 15% in patients with TB and concomitant AIDS. CNS involvement may present as tuberculous meningitis or as a variety of parenchymal infections, such as tuberculomas, tuberculous abscesses, and/or miliary TB [1] .
Tuberculous Meningitis
Leptomeninges demonstrate intense, often homogeneous enhancement, typically most prominent at the basal cisterns. Sulci over the cerebral convexities and the sylvian fissures may also be affected, which is best demonstrated with gadolinium-enhanced magnetic resonance imaging (MRI), which demonstrates bright meninges on T1-weighted images that enhance diffusely ( Figure 1 ) [5] . Leptomeningeal enhancement is nonspecific, and the differential diagnosis includes other infectious agents such as nontuberculous bacteria or fungi, inflammatory disease such as rheumatoid arthritis or sarcoidosis, and leptomeningeal metastases or lymphoma [1] . Coexisting extrapulmonary TB at other sites may occur in up to 50% of patients with CNS TB, which can be a helpful clue to diagnosis [6] . Complications of tuberculous meningitis include communicating hydrocephalus, due to blockage of the basal cisterns by inflammatory exudates, and noncommunicating hydrocephalus, due to mass effect of a tuberculoma ( Figure 1 ). Pathologic involvement of small perforating vessels can cause infarctions, usually within the basal ganglia or internal capsule ( Figure 2 ).
Parenchymal Lesions
The most common CNS parenchymal lesion is the tuberculoma, which may be solitary, multiple, or miliary, and is most often found within the frontal and parietal lobes. At computed tomography (CT), tuberculomas are low-or highattenuation rounded or lobulated masses, commonly demonstrating rim enhancement ( Figure 1 ). They are often associated with moderate to severe oedema. Calcification, however, is uncommon [1] . Fluorodeoxyglucose positron emission tomography demonstrates a ''doughnut'' appearance of tuberculomas, with intense tracer uptake at the periphery and low central uptake [7] .
Head and Neck
Approximately 15% of extrapulmonary TB cases involve the head and neck, usually manifesting as bilateral painless cervical LAN known as scrofula. Nodes are initially homogeneous and later demonstrate central necrosis, characterized by low attenuation and rim enhancement at CT ( Figure 3 ). MRI demonstrates central hypointensity and hyperintensity on T1-and T2-weighted images, respectively, with peripheral rim enhancement as with CT. Nodal calcification often develops in late TB, which may help to distinguish it from squamous cell carcinoma metastases [1] .
Musculoskeletal System
Although only 1%-3% of all TB cases are reported to involve the musculoskeletal system, patients with extrapulmonary TB commonly have musculoskeletal involvement, where it accounts for 25% of cases [8] . Bone and joint destruction can cause significant morbidity, including severe neurologic sequelae in the case of spinal disease. Approximately 50%-70% of musculoskeletal TB involves the spine, usually in the lower thoracic and upper lumbar regions. Radiographic diagnosis is difficult, which results in an average delay of 16-19 months between the onset of symptoms and diagnosis. If left untreated, tuberculous spondylitis can lead to vertebral collapse and anterior wedging, which causes a kyphosis known as a gibbus deformity ( Figure 4 ). Tuberculous spondylitis differs from pyogenic infection in its involvement of multiple vertebral levels, relative sparing of the intervertebral disk space, and anterior extension of abscesses that displace the anterior longitudinal ligament [3, 9] .
Tuberculous arthritis typically manifests as a monoarthritis that involves large weight-bearing joints, such as the hip and knee. The appearance is nonspecific and is often similar to other infectious or inflammatory arthritides. Typical imaging features include severe juxta-articular osteoporosis, marginal erosions, and gradual joint space narrowing, together known as Phemister triad ( Figure 5 ) [8] .
Associated findings that suggest tuberculous arthritis include large associated para-articular soft-tissue calcifications and abscesses. MRI may help differentiate tuberculous arthritis from rheumatoid arthritis, where large bone erosions and para-articular abscesses favor TB. In addition, synovitis related to TB tends to be smooth and thin, whereas rheumatoid synovitis tends to be uneven and thick. Tuberculous osteomyelitis typically affects the femur, tibia, and bones of the hands and feet. The metaphyses demonstrate osteopenia, poorly defined lytic lesions, and minimal surrounding sclerosis. Fluorodeoxyglucose positron emission tomography is highly sensitive yet nonspecific for chronic tuberculous osteomyelitis and demonstrates increased fluorodeoxyglucose uptake in areas with active inflammation [7] . Painless involvement of the short tubular bones of the hands and feet is termed tuberculous dactylitis and is more common in children [1, 8] .
Abdomen

Lymph Nodes, Liver, and Spleen
The most common form of abdominal TB is LAN, with the mesenteric, omental, peripancreatic, periportal, pericaval, and upper para-aortic lymph nodes most commonly involved [10] . On CT, nodes are enlarged and most commonly demonstrate the rim-enhancement and hypoattenuating centers characteristic of caseous necrosis. Hepatosplenic TB is found at autopsy in most patients with disseminated TB, yet it is rarely seen on imaging [10] . The most common form of hepatosplenic TB is micronodular (<10 mm), which is difficult to detect at CT and usually only manifests as moderate hepatosplenomegaly [10] . Ultrasound may demonstrate diffuse hyperechogenicity or, less commonly, Figure 6 . A 30-year-old man with human immunodeficiency virus and micronodular hepatosplenic tuberculosis. Ultrasound demonstrates innumerable hypoechoic lesions (arrows) of the spleen. These findings are nonspecific, and the differential diagnosis includes metastatic disease and microabscesses of another etiology. multiple hypoechoic and occasional hyperechoic nodules ( Figure 6 ). Macronodular hepatosplenic involvement is uncommon and appears as hypoattenuating, ill-defined, rimenhancing lesions (Figure 7) . The differential diagnosis for this appearance includes metastatic disease and pyogenic abscesses. Hepatic tuberculomas are known to eventually calcify.
Peritoneal Surfaces
Another form of abdominal TB is tuberculous peritonitis, which usually is caused by hematogenous spread. CT demonstrates large amounts of free or loculated ascites, which may be slightly hyperattenuating (20-45 HU) relative to water due to its high protein and cellular content. Characteristic findings include omental and mesenteric caking, along with matted, thickened bowel loops and nodular soft tissue. The peritoneum often enhances and appears diffusely thickened (Figure 8 ). Again, this is a nonspecific finding, with the differential diagnosis including disseminated malignancy, nontuberculous peritonitis, and mesothelioma [1, 3, 11] .
Gastrointestinal Tract
TB rarely affects the gastrointestinal tract. When it does, the ileocecal junction is most commonly involved, with concentric mural thickening and localized LAN. Advanced involvement of the ileocecal junction is demonstrated classically with barium studies as a conical, shrunken cecum elevated out of the right iliac fossa by mesocolonic retraction [3] . This appearance may also be appreciated at CT (Figure 9 ). Elsewhere in the small bowel, skip areas of mural thickening and luminal narrowing with or without proximal dilatation may be identified. Imaging findings are largely nonspecific, with the differential diagnosis including malignancy, Crohn's disease, and amebiasis [11] .
Adrenal Gland
The adrenal gland is reported to be the fifth most common site of extrapulmonary TB, after the liver, spleen, kidneys, and bones. Adrenal involvement is seen in up to 6% of patients with active TB and is nearly always bilateral [1] . The gland becomes enlarged and demonstrates rim enhancement and central low attenuation, again consistent with caseous necrosis (Figure 10 ). Patients may present with an addisonian-type clinical picture.
Pancreas
TB that involves the pancreas is extremely rare. Most commonly, ultrasound reveals a focal hypoechoic mass. Contrast-enhanced CT demonstrates a mass of low attenuation with peripheral enhancement. These lesions, which histopathologically represent a caseating granuloma, are most commonly found in the head or neck of the pancreas. Peripancreatic lymph nodes will often be enlarged. As with many other organ systems, to definitively differentiate TB of the pancreas from neoplastic and other infectious diseases, percutaneous biopsy is required [10] .
Genitourinary System
A common clinical presentation of extrapulmonary TB is one of genitourinary involvement. The kidneys may demonstrate unilateral calcification, which is well seen at CT. Intravenous urography demonstrates calyces with a motheaten appearance due to erosions that progress to papillary necrosis. Ureteric walls become thickened and strictured, most commonly at points of normal anatomic narrowing, such as the ureteropelvic junction, pelvic brim, and vesicoureteric junction [1] , which is complicated by hydroureter and hydronephrosis, often with an irregular margin and filling defects caused by caseous debris (Figure 11 ). Bladder involvement results in a reduced bladder volume with wall thickening, ulceration, and luminal filling defects due to granulomatous material. Eventually, scarring results in a small, irregular, calcified bladder.
In women, TB may cause bilateral salpingitis, with multiple strictures and obstruction ( Figure 12 ). Endometrial adhesions can form, which causes deformity and obliteration of the endometrial cavity. In men, the seminal vesicles or prostate may become calcified [1] . Prostatic TB also manifests as hypoattenuating lesions at CT, likely representing foci of caseous necrosis and inflammation (similar to none tuberculous pyogenic abscesses). Ultrasound demonstrates focal or diffuse areas of decreased echogenicity.
Breast TB that involves the breast is extremely rare. Mammography does not reliably demonstrate any specific findings. Ultrasound may demonstrate circumscribed hypoechoic masses with moving internal echoes and posterior acoustic enhancement, along with abscesses and sinus tracts. Similarly, MRI findings include parenchymal asymmetry with enhancement, microabscesses, and peripherally enhancing masses [4] . The most common clinical picture is a mass with or without ulceration in young, multiparous, lactating women [4] .
Conclusion
The worldwide incidence of TB is rising due to increased migration, a rising incidence of AIDS, and an increase in MDR strains. Immunocompromised patients are more likely to be infected with MDR-TB, which in turn is more likely to spread beyond the chest. Extrapulmonary TB can involve any system in the body, including the cardiovascular, central nervous, head and neck, musculoskeletal, gastrointestinal, and genitourinary systems as outlined.
